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We have studied the J/ψφ mass distribution of the process B+ → J/ψφK+
from the threshold to about 4250 MeV, by considering the contribution of the
X(4140) with a narrow width, together with the X(4160) state. Our results
show that the cusp structure at the D∗
s
D¯∗
s
threshold is tied to the molecular
nature of the X(4160) state.
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1. Introduction
Recently, the stateX(4140) was confirmed in the measurement of the B+ →
J/ψφK+ reaction at LHCb1,2. However, one surprise is that the X(4140)
deduced from the analysis, with quantum numbers JPC = 1++, has a width
Γ ≈ 83± 21+21
−14 MeV, substantially larger than that claimed in the former
experiments3.
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In this work, we show that the low invariant J/ψφ mass region, requires
the contributions of a narrowX(4140), and a wideX(4160) resonance which
couples to J/ψφ but is mostly made by a D∗sD¯
∗
s molecule as discussed in
Ref. 4. As a consequence of analyticity and driven by the molecular nature
of X(4160), the J/ψφ mass spectrum develops the strong cusp around the
D∗sD¯
∗
s threshold
1,2.
2. The formalism
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Fig. 1. Microscopic quark level production of K−D∗
s
D¯∗
s
(left) and B− → K−J/ψφ
(right) in B− decay.
B−
K−
D∗s
D¯∗s
D∗s
D¯∗s X(4160)
(b)
B−
K−
D∗s
D¯∗s
(a)
B−
K−
J/ψ
φ
D¯∗s
D∗s
(c)
X(4160)
Fig. 2. (a) The tree diagram, and (b) the D∗
s
D¯∗
s
final state interaction for B− →
K−D∗
s
D¯∗
s
in the presence of the X(4160) resonance. (c) The mechanism for B− →
K−J/ψφ driven by the X(4160) resonance.
As the first step, the dominant process of B− → K−D∗sD¯
∗
s (we take
the complex conjugate reaction to deal with b quark rather than b¯ quark)
at the quark level proceeds as shown in the left panel of Fig. 1, involving
external emission. Obviously in the neighborhood of the resonance the tree
level term of Fig. 2(a) is small compared to the resonant term of Fig. 2(b),
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but we keep it in the calculations. For the production of J/ψφ with this
mechanism, the tree level of Fig. 2(a) does not contribute and then we are
led to the diagram of Fig. 2(c)
The B− → K−J/ψφ reaction can also proceed through the mechanism
as shown in the right panel of Fig. 1 involving internal conversion. Yet,
the internal conversion is penalized by color factors with respect to the
external emission of the left diagram of Fig. 1, and hence this term, or
rescattering of this term like that in Fig. 2(c), but with J/ψφ intermediate
state instead of D∗sD¯
∗
s , which would involve the extra factor gJ/ψφ/gD∗
s
D¯∗
s
versus the amplitude of 2(c), can be safely neglected.
We can then write the amplitude for the B− → K−D∗sD¯
∗
s ,
MB→KD∗
s
D¯∗
s
= A
[
1 +GD∗
s
D¯∗
s
(Minv(D
∗
sD¯
∗
s ))
× tD∗
s
D¯∗
s
→D∗
s
D¯∗
s
(Minv(D
∗
sD¯
∗
s))
](
~ǫ · ~k~ǫ ′ · ~k −
1
3
~k2~ǫ · ~ǫ ′
)
,(1)
and the amplitude for the B− → K−J/ψφ,
MB→KJ/ψφ = A×GD∗
s
D¯∗
s
(Minv(J/ψφ))
×tD∗
s
D¯∗
s
→J/ψφ(Minv(J/ψφ))
(
~ǫ · ~k~ǫ ′ · ~k −
1
3
~k2~ǫ · ~ǫ ′
)
+
BM3X(4140)(~ǫJ/ψ × ~ǫφ) ·
~k
M2inv(J/ψφ) −M
2
X(4140) + iMX(4140)ΓX(4140)
=MX(4160) +MX(4140) (2)
where ~ǫ, ~ǫ ′ are the polarization vectors of D∗s and ~D
∗
s (or J/ψ and φ), and
we evaluate it in the frame of reference where the D∗sD¯
∗
s (or J/ψφ) system
is at rest. For the J/ψφ production, we have included the termMX(4140) to
account for the production of J/ψφ via the 1++ X(4140) resonance. Here
we take MX(4140) = 4132 MeV and ΓX(4140) = 19 MeV. The A and B are
free parameters to be fitted to the data. The details of the loop functions
G and the transition amplitude t in Eqs. (1, 2) are given in Ref. 5. Finally,
the mass distribution can be written as,
dΓ
dMinv
=
1
(2π)3
1
4M2B−
|~k′| p˜|M|2, (3)
where ~k′ is the K− momentum in the B− rest frame, and p˜ the D∗s (or
J/ψ) momentum in the D∗sD¯
∗
s (or J/ψφ) rest frame.
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3. Results
A suitable fit to the data is obtained as shown in the left panel of Fig. 3,
Our results (red solid curve, labeled as ‘Full’) are in good agreement with
the experimental data at low J/ψφ invariant masses, and we also present
the uncertainties of our results in the figure. As we can see in the figure,
we obtain a contribution from the X(4140) (blue dotted curve) that is
dominant at low invariant masses, and is responsible for the peak observed
in the experiment around 4135 MeV. The X(4160) (green dashed curve) is
responsible for most of the strength and produces a broader peak around
4170 MeV. And finally a cusp appears at the D∗sD¯
∗
s threshold as it shows
up in the experiment. This cusp comes from the factor GD∗
s
D¯∗
s
(Minv) and
reflects the analytical structure of this function with a discontinuity of the
derivative at threshold. A similar feature is also found in Refs. 6,7. One
must stress that this factor appears here as a consequence of analyticity,
with a large strength due to the D∗sD¯
∗
s molecular structure of the X(4160).
In an analysis like the one of Refs. 1,2, where a sum of amplitudes for
resonance excitation and some background are fitted to the data, this factor
is not considered, and as a consequence the cusp around D∗sD¯
∗
s in the data
is missed in the fit.
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Fig. 3. Left: the J/ψφ mass distribution of the B− → K−J/ψφ decay. Right: The
D∗
s
D¯∗
s
mass distribution of the B− → K−D∗
s
D¯∗
s
decay. The bands come considering
the errors in the fitted parameters, and represents the 68% confidence-level.
To finish the work, and as a test of the explanation given here, we
present in the right panel of Fig. 3 the D∗sD¯
∗
s mass distribution above
threshold obtained with the same parameters as in Fig. 3. As we can see
in this figure, there is a peak close to threshold, which should not be mis-
identified with a new resonance, but it is the reflection of theX(4160) which
in our fit has the mass at 4169 MeV.
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4. Summary
The present work and the prediction, tied to the interpretation given for
the B− → K−J/ψφ spectrum, should act as an incentive to measure this
reaction and learn about properties of the X(4140) and X(4160). In addi-
tion, the J/ψφ mass distribution of the e+e− → γJ/ψφ reaction reported
by BESIII8 is also compatible with the existence of the X(4140) state,
appearing as a peak, and a strong cusp structure at the D∗sD¯
∗
s threshold,
resulting from the molecular nature of the X(4160) state7.
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